Selected Issues of Wireless Communication Over GSM with Car Network Computer System by Elżbieta, Grzejszczyk
 
  
Abstract—Remote communication with a motor vehicle has 
become possible as on-board car electronics, digital data 
transmission, on-board computer networks, software and 
wireless data transmission were developed. Communication 
means both monitoring on-line of selected processes and events 
taking place while the vehicle runs as well as remote, on demand 
communication requested by the driver or an on-board 
controller. This paper discusses communication initiated over 
GSM by the on-board microcontroller.  
 
IndexTerm --Microprocessor control , On-line communication 
over GSM , Remote communication between microcontrollers.  
 
I. GSM WIRLESS NETWORK AS A COMMUNICATION MEDIUM  
EW  telecommunications technology created a whole raft 
of possibilities for its users. Wireless data transmission at 
150 Mb/s (in LTE technology) is a platform for a wide 
range of new applications. An example is the application 



















Figure 1.  Pictorial diagram of on-board controller - end user communication 
The on-board controller monitoring selected motor vehicle 
components is an integral part of the GSM system. Such 
integration is possible by setting-up the connection with GSM 
network controllers (also GPRS/UMTS). The sequence of 




is illustrated in Fig.2.  Setting-up a connection means that the 
logging process will involves verifying authenticity of the 
subscriber (microcontroller), and its current location (the  
so-called LAI - Local Area Identifier), has been assigned a 
Temporary Mobile Subscriber Identity (TMSI). The LAI and 
TMSI parameters are stored in the Visitor Location Register 
(VLR).     
The activation sequence involves the following controllers: 
MS - Mobile Station, BTS - Base Transceiver Station, BSC - 
Base Station Controller, MSC - Mobile Switching Centre,  
GMSC - Gateway Mobile Switching, VLR - Visitor Location 
Register, HLR - Home Location Register. 
Data exchange sequence between controllers is displayed in 
Fig.2. 
 
GMSC - Gateway Mobile Switching, VLR - Visitor Location 
Register, HLR - Home Location Register. 






















Figure 2. Logging user onto the network, setting-up the MS < --- > VLR 
connection 
annot. n) The VLR register assigns to the subscriber the TMSI 
identification number and LAI area identifier to the subscriber 
and the numbers  are encoded and sent to the mobile station 
and saved to the SIM (Subscriber Identity Module) card. 
As per above diagram: 
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MS requests the BSC controller via the BTS base station to 
activate the port. The BSC controller accepts the request 
(confirms activation). Then the BTS station sends a requests 
for a port. Once the port is allocated, the BSC controller 
requests the MS to update its location and verify the 
subscriber authenticity. After successful authentication, the 
subscriber is stored in the VLR register (its Local Area 
Identifier). Hence it could be communicated at any given 
moment. 
Setting-up a connection between two users of the same 
network is presented in Fig. 3 
A and B users come from different locations within the 
network (different Local Areas). The monitoring system has to 
identify LA of users requesting connection. Once Local Area 
Identifiers of both users are found in VLR, the connection 
could be established. Should location data about the user B 
remain unknown and the system  requests to connecting with 
user A of a given network, the request is redirected to an 
external network. The communication sequence is shown in 
Fig. 3. Controllers participating in data exchange are identical 
to controllers presented in Fig.2 The BSS (Base System 
Station) controller was also presented, and a and b denotations 
are references to A and B users accordingly. 
 
Figure 3.  Setting-up connection between A and B users of the same network 
The communication procedure in Fig.3 illustrates the 
information flow within a GSM network typical for 
connection between A and B subscriber of the same network. 
• Connection request issued by the A subscriber is 
redirected by the Base Station System (BSS) to the 
Mobile Switching Centre (MSC) managing that 
particular area of the network.  
• The controller redirects the request to the Gateway 
Mobile Switching (GMSC) in order to identify the client. 
Consequently the controller (GMSC) runs a search in 
HLR databases to verify whether it holds a record of the 
B subscriber.  
• If none is found, GMSC redirects the subscriber's request 
to an external network.  
• If the B subscriber is found in HLR databases the 
connection request is routed to the MSCb controller 
managing that part of the network where the B subscriber 
is currently located. 
•  In order to precisely identify the location of the B 
subscriber, the system searches the VLR database for its 
LA number (Location Area). Then is sends the request to 
Base Station System (BSSb) to set-up a connection. 
• Base Station System puts subordinate cells on standby 
and once the B subscriber accepts the connection it is 
established. Disconnection and connection time are 
logged into the database.  
 
Building a GSM/GPRS/UMTS network for data exchange 
purposes was described in [1] and [2]. 
II. COMPUTER NETWORKS IN  MOTOR VEHICLES 
Achievements in IT and microprocessor technology facilitated 
the development of controlling and monitoring of automotive 
automatics systems. Computer-based bus networks made 
possible to control and monitor practically each and every 
mechanical system. Fig. 4 illustrates the data transmission 



























Figure 4. Digital bus networks controlling executable systems (based on [5] 
Advancements in computer network technology combining 
different components and systems necessitate the development 
of purpose-defined interfaces and data transmission 
procedures. Accordingly standards of dedicated software 
improve as well.  
On-board system software operating in real time, managing 
multiple communication layers, requires a real time operating 
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system. A proposal of just such a system branded OSEK/VDX 
Vehicle Distributed Executive)1 was first presented in 1995.  
The architecture of the AUTOSAR (AUTomotive Open 
System ARchitecture) system acc. HIS (German Hersteller-
Initiative Software) is illustrated in Fig. 5 
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Figure 5.  Automotive Open System Architecture [6] acc. HIS 
Layers shown in Fig.5: 
 The bottom layer (ECU Hardware) consists of 
microcontrollers and peripheral devices (sensors, controller, 
etc.). The layer above, the so-called HAL (Hardware 
Abstraction Layer) incorporates basic communication 
software with hardware layer. It provides programmable 
drivers for devices and basic system microcontrollers, 
enabling hardware-software communication. 
Third layer is basic software. It includes:  Communication 
Protocols, auxiliary Utility Functions and Services, Hardware 
Input/Output Drivers and Task Management module - 
Operating System. 
The basic software layer is a lightweight and limited 
equivalent of a traditional operating system.  
 The next layer in architecture of on-board systems is the 
Runtime Environment which translates requests and 
Application Layer tasks to functions and tasks for the Basic 
Software. That layer - Basic Software - provides software for 
all types of data bus. The memory module (Flash Loader) 
stores and reprogrammes drivers as need.   
III. THE ON-BOARD MICROCONTROLLER  AS  
A GSM NETWORK USER 
Advancements in wireless technology providing ever faster 
and ever more reliable digital signal transmission over radio 
waves means it has  become possible for monitoring and 
controlling devices to communicate remotely. A practical 
example of the above is employing the GSM system to 
monitor the vehicle status remotely. 
Purpose-built on-board microcontroller which receives signals 
from sensors and binary sensors (door sensor, sunroof sensor, 
central locking etc.), monitors the status of selected 
components (24 in this case). Here, the microcontroller 
functions as a wireless sending-receiving station. Upon 
detecting of an irregularity (e.g. an open window or a break-in 
attempt) the microcontroller initiates establishing the 
connection with vehicle owners (their phone number). 
 
1 A system dedicated for controlling and transmission. 
The system paired with software operates many procedures 
one of which is handling remote queries about particular car 
safety features (e.g. checking of the doors are locked or 












Figure 6. Remote communication between the vehicle owner  and on-board 
voice control 
System specification. 
 The key component of the system is the microprocessor 
fitted to a prototype circuit board (memory EPROM 64 kB, 
RAM 32 kB,  address decoder, RS 232 and a power-supply 
system). 
The processor controls all integrated subcomponents i.e.: 
DTMF decoder, alphanumeric displays (LCD),  playback 
device and integrated wirless devices. The system includes 
galvanic isolation  and local buffer, which exchange 
information with selected vehicle components. The wireless 
device  is implemented for purposes of the application and 
controlled by the microprocessor. It can support incoming 
calls, call terminations, dialling the vehicle owner's number 
















Figure 7. Schematic diagram of   the system 
The system operates in 2 modes:  
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- initiation mode (Mode1), when the microcontroller 
establishes a connection with the vehicle owner (notifies about 
any irregularities e.g. attempt to unlock the doors) 
- status check mode (Mode2), where the vehicle owner 
initiates a connection to remotely verify the status of devices 
controller by the microcontroller 
 
Operating principle 
 DTMF (Dual Tone Multi Frequency) messages received by 
the GSM device are decoded by the Mitel 8870 receiver and 
fed via 4-bit microprocessor data bus (Table 1). The 
microprocessor interprets received data according to the 
program stored in the system memory. Feeding the signal 
from systems operated by the processor to any of inputs 
initiates reverse program procedures which produce a message 
sent to the vehicle owner. 
 
TABLE  1 PART OF  DTMF SIGNAL TABLE 
 
Freq. 
 low [Hz] 
697 697 697 .... 852 .... 941 
Freq. 
 high [Hz] 
1209 1336 1477 ... 1633 .... 1633 
Received 
code DTMF 
1 2 3 .... C .... D 
TOE H H H .... H .... H 
Q4 0 0 0 .... 1 .... 0 
Q3 0 0 0 .... 1 .... 0 
Q2 0 1 1 .... 1 .... 0 
Q1 1 0 1 .... 1 .... 0 
 
In Mode 1 (alarm mode) - the signal specified for input 
initiates an adequate procedure. The vehicle owner's number is 
dialled, the ID verified and the access code requested. After 
the correct access code is entered a voice message adequate to 
event being reported is played.  (playback system). 
In Mode2 (status check mode) - the vehicle owner dials the 
phone number linked to the on-board microcontroller, enters 
his own ID and selects the status notification he would like to 
receive. The device status check is possible by programming 
the probable sets of events. All executable procedures are 
assigned  unique codes and stored in EEPROM system 
memory. Voice commands given by the vehicle owner are 
reduced  to saying the code of the selected executable 
procedure. The microcontroller voice-recognises the code and 
initiates the requested procedure. Some of the commands 
generated and supported by the system are: alarm activated, 
provide the access code, provide instruction number, executed, 
farewell and a demo. Furthermore, the user is informed about 
the current status of supported devices by the LCD display.  
The system is deactivated only by removing the power supply. 
The system is on permanent stand-by when activated, ready to 
receive incoming connections and monitor connected systems.   
The software for the microcontroller and connected devices is 
coded in the microprocessor's assembler. 
 
CONCLUDING REMARKS  
    The practical example described in this paper is one of 
many alternatives of remote communication with motor 
vehicle. GSM / GPRS / UMTS wireless communications 
networks are an essential tool in processes of remote 
controlling and monitoring. The described services give a taste 
of "emerging" ICT services combining IT, 
telecommunications and above all digital technologies.  
A more in-depth description of ICT services used for purposes 
of communication with a motor vehicle (BMW services) is 
found in [3]. 
REFERENCES 
 
[1] B. Fryskowski, E. Grzejszczyk, "Data transmission systems",  Transport 
and  Communication Publishers, Warsaw, 2010, pp 174 - 191 
[2] E. Grzejszczyk , "Teleservice communication with motor vehicle", 
Electrical Review, ISSN  0033-2097, R. 87 NR 12a/2011, pp. 94-98J.  
[3]  E. Grzejszczyk., "Analysis of selected telematic services of the BMW 
service", Electrical Review, ISSN 0033-2097, R. 88 NR 7a/2012, pp. 
294 - 296 
[4] E. Grzejszczyk., A.Sęk., "The control on-line of selected functions of car 
system over GSM network", Scientific Papers of the Warsaw University 
of Technology, Electricity, No. 129, Publishing House of Warsaw 
University of Technology, Warsaw 2003 
[5] W. Zimmermann , R. Schmidgall , "Data bus in vehicles", Transport and 
Communication  Publishers, Warsaw, 2008,  pp. 24 - 101 
[6] AUTOSAR ( AUTomotive Open System ARchitecture )  
        http://www.autosar.org/find02_07.php     
[7] Information about the Author. 
 
Elzbieta Grzejszczyk, Ph.D., M.Sc.(Eng.), Docent at  
Warsaw University of Technology (WUT) 
Warsaw,Poland;   
1974-  Degree of Master of Science (Eng.) WUT,  - 
Electrical Engineering Institute of Control and Industrial Electronics; 
1979- Degree of Ph.D/WUT- disertation about artiffical inteligence; 
2007 - Docent/WUT Electrical Department; 
Doc. E. Grzejszczyk has worked for about 10 years at the Industrial 
Research Institute for Automation and Measurements in Warsaw 
(Poland) as a software designer of microprocessor systems. Currently 
she works at the Faculty of Electrical Engineering WUT Poland, as a 
lecturer and teaches classes in Wireless Data Transmission Systems, 
Computer Systems in motor vehicles and C# object-oriented 
programming for students majoring in Computer Science.  
 
Publication:  
1.B. Fryskowski, E. Grzejszczyk, "Data transmission systems",  Transport and  
   Communication Publishers, Warsaw, 2010 
2. E.Grzejszczyk, "Introduction into Visual Web Developer Express 2008 and  
    ASP.NET 2.0 Technology", Publishing House of Warsaw University of  
    Technology,  Warsaw 2010 
3. E. Grzejszczyk, "Basic tools of  Information Technology", Publishing  
    House of  Warsaw University of Technology, Warsaw 2006 
 
Articles: 
1. E. Grzejszczyk , "Teleservice communication with motor vehicle", 
Electrical Review, ISSN  0033-2097, R. 87 NR 12a/2011, pp. 94-98J.  
2. E. Grzejszczyk., "Analysis of selected telematic services of the BMW 
service", Electrical Review, ISSN 0033-2097, R. 88 NR 7a/2012, pp. 294 - 
296 
3.  E. Grzejszczyk, "Simulation of    the vehicle car  identification over  the 
GPS  System",  Electrical Review , ISSN 0033-2097, Nr 7/8/ 2004, pp.718- 
722 
 
GSTF International Journal of Engineering Technology (JET) Vol.2 No.2, August 2013
109 © 2013 GSTF
